The two body Cabibbo favored hadronic decays of charmed baryons Λ 
Introduction
The hyperon nonleptonic weak decays have so far evaded their complete understanding. It is expected that the hadronic decays of the charmed and heavier hadrons will be simpler and their study would help in the understanding of the nonleptonic decay processes, in general. Upto now greater part of theoretical effort to understand charm decays has been devoted to charmed mesons. Only recently, the study of hadronic two-body decays of the charmed baryons has gained serious attention [1] [2] [3] [4] [5] [6] [7] . It is primarily due to the fact that some data on these decays has started coming. The scarce data [8] [9] [10] which is available at present is already beginning to discriminate between the theoretical models. It is our hope that more and more data will become available in the near future, and this data will provide a new arena in which to study the standard model. Some very recent data [10] prompts us to make a systematic analysis of the Cabibbo allowed decays of charmed baryons in the framework of flavor SU (3) symmetry generated by u, d and s quarks.
The two-body weak decay modes of hyperons have traditionally been studied through the standard current algebra approach using the soft pion theorem.
It has been shown for quite some time, that though this approach successfully reproducs the s-and p-wave amplitudes of the hyperons, and their relative sign, it fails to predict their relative magnitudes [11, 12] . To have a better agreement between theory and experiment, the importance of including the factorization contributions, which vanish in the soft-pion limit, has been recognized [13] .
The weak decays of charmed baryons have been analyzed [1, 7] in the framework of soft-pion technique with the inclusion of factorization terms. It had actually been expected that the factorization terms would dominate. However, the observation of a few decays like Λ
support this view and indicates the significance of pole diagrams for charm changing decays. Further, the calculations of both the pole terms and the factorization contribution have uncertainties associated with the many parameters that have to be estimated.
First, the soft-pion approach for the charm decays is suspect because the meson emitted in the charm decays is far from being soft as there is a lot of energy available in these decays. Second, the baryon-baryon weak transitions involved in the commutator terms as well as in the pole terms of the current algebra techniques have their own uncertainties. The evaluation of the factorization involves the knowledge of form factors which are not precisely known.
The factorization contribution turns out to be too large and has to be toned down arbitrarily to give even a reasonable agreement with experiment.
These features have resulted in gross differences among the predictions of various models and with experiment. The ratio of the experimental branching ratio for Λπ + and pK 0 modes of Λ + c , for example, is about 0.4 whereas the theoretical estimates [5] are between 1 and 13. The Λ Particularly a small ratio of Br(Λ
We then extend our analysis to B c → D + P decays. Here, by employing the quark-line diagram approach of Kohara [3] , we are able to express ampli-tudes of all the B c decays in terms of only two reduced amplitudes. Using
as input, branching ratio of the remaining decays are predicted.
Weak Hamiltonian
The general weak current ⊗ current weak Hamiltonian for Cabibbo enhanced (∆C = ∆S = −1) decays in terms of the quark fields is
represents the color-singlet combination. If the QCD short distance effects are included the effective weak Hamitonian becomes
where the QCD coefficients c 1 = 
The QCD coefficients c 1 and c 2 are absorbed in the reduced amplitudes g's and h's.
The decay width and asymmetry formulas
The matrix element for the baryon
where A and B are parity violating (PV) and parity conserving (PC) amplitudes respectively. The decay width is computed from
where
, m i and m f are the masses of the initial and final baryons and m P is the mass of the emitted meson. Asymmetry parameter is given by
Decay amplitudes
Choosing H 2 13 component of the weak Hamiltonian (3) and (4) [2] . So in order to reduce the number of parameters, we assume 6 * dominance which gives the following relations among the amplitudes:
Relation (8) 
Results and conclusion
Experimentally, branching ratios of all the Cabibbo enhanced Λ + c → B(
) have now been measured [8] [9] [10] . Besides the decay asymmetries of Λ 
Relation (8) immediately implies
Experimentally [8, 10] the L. H. S is 0.87 ± 0.20% and R. H. S is 0.87 ± 0.22%.
Also relation (8) gives
However, relations (9) to (12) 
This is to be remarked that SU (3) The present data on Br(Λ + c → pK 0 ) seems to prefer the following choice for the input:
To predict the remaining decays, we use the Λ
only its branching ratio is known, Br(Λ + c → Ξ 0 K + ) ≈ 0.34 ± 0.09% [8] . Ig-noring the small kinematic difference, the relation (13) gives
To be able to use other relations, we need the amplitude for the decay Λ + c → Ξ 0 K + in both the PV and PC modes. The measured branching ratio implies
The dynamical mechanisms considered for the charm baryon decay seem to indicate that the PV mode of this decay is invariably strongly suppressed.
The decay can occur neither through the factorization nor from the equal time commutator term of the current algebra framework. Even through the 1 2 − baryon pole, it acquires a negligibly small contributions [5] . Therefore, we expect its asymmetry to be close to zero, which then gives
Ignoring physical η − η ′ mixing, we then obtain [9] gives
This measurement is consistent with both the theoretical predictions as PDG data [8] gives Br(Λ + c → pK − π + ) = 4.4 ± 0.6%. So we give branching ratio and decay asymmetry of the charm decays for both the sets in Table 2 . The values of the PC reduced amplitudes (in units of G F V ud V cs × 10 −2 GeV 2 ) for these sets are:
Set II: 
Relating charm baryon decays with hyperon decays
The hyperon decays arise through
Under SU(3) symmetry, H W transforms like 8⊕27 representation and the short distance effects enhance octet part over the 27 part, though the enhancement factor falls short of experimental value. Using octet dominance for hyperon decays, Altarelli, Cabibbo and Maiani [14] related the charm baryon decays with the hyperon decays. They related the reduced amplitudes g's, and h's with those of the hyperon decays using CP-invariance at the SU (4) level. In our phase convention, the relations are:
Unfortunately, the constraint (33) (4) symmetry, giving Iwasaki relation [15] for the hyperon decays,
which is badly violated by experiment. The reason is that SU (4) Table 3 . The values of the reduced amplitudes are:
These values and results obtained match well with those given in col. (4) and (5) of Table 3 , and favor a positive sign of B(Λ
In this section we examine the Cabibbo-favored decays of the anti-triplet charm baryon (B c ) to a decuplet baryon (D) and a pseudoscalar meson (P). The matrix element for the decay being defined as
the decay rate and the asymmetry parameter for B(
C and D are the p-wave (parity-conserving) and d-wave (parity-violating) amplitudes respectively. w µ is the Rarita-Scwhinger spinor representing the spin 3/2 + baryon and q µ is the four momentum of the emitted meson.
Following a procedure similar to that used for B(
decays, we construct the following Hamiltonian for decuplet baryon emitting decays:
where ǫ abc is the Levi-Civita symbol and D abc represents totally symmetric decuplet baryons. Choosing H Table 4 . In all there are 4 reduced amplitudes for each of the PV and PC modes. Dynamically, these decays are relatively simpler than the ones considered in the last section. It has been shown by Xu and Kamal [7] that factorization terms do not contribute to these decays and that these decays arise only through W-exchange diagrams. In fact, performing a quark diagram analyses, Kohara [3] has observed that most of the quark diagrams, allowed for
decays due to the symmetry property of the decuplet baryons. There exist only two independent diagrams, which are expressed as:
where B [a,b] represents the 3 * baryon. In our notation, it amounts to the folowing constraints:
Following relations are obtained for PV as well as PC modes,
Since W-exchange diagram contributions to the PV mode are generally small and PV mode is suppressed due to the centrifugal barrier, we ignore them in the present analysis. Experimentally [8] , the following branching ratios are known:
The last value has been taken from a recent CLEO measurements [9] .
with
from PDG [8] . We employ Br(Λ
to fix,
which in turn give all other branching ratios. These are tabulated in Table   5 . For Λ 
